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Abstract 
E-books, e-book readers, touchscreens and other types of displays do not belong to the realm of fantasy any more, but are an 
indelible part of our reality. How will young readers find themselves in this new environment? Is the notion of “interactivity” just 
a marketing trick to sell more software and mobile apps or is it a tool that will really support a child’s development? It is 
important that a child interacts with a book, not just by passively following a story but by participating in its creation upon every 
encounter. Graphic design should aim at facilitating linguistic and social development of a child, at the same time stimulating his 
or her creativity and abstract thinking, as well as supporting the development of fine motor skills, which are all necessary to self-
sufficiency. The following article presents the principles and process of designing and building an interactive children story 
application for tablets. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of IICST 2014.  
Keywords: Interactivity; digital storytelling; ergonomy for children; fine motor skills development 
1. Introduction 
Interactivity is becoming a key ingredient of electronic publications. In the case of touchscreens a reader does not 
have the opportunity to experience the same sort of sensations as while reading a paper book. However, interactivity 
can compensate to some extent for the reduction in sensory experience. What can be offered is the option of 
influencing the story, coming back to the beginning, going forward at a faster pace and own sequencing of events. 
The solution presented in the article is a new type of plot construction in a publication – an open structure which is 
not chronological but has some key points (like the beginning and the end) predefined. These key points are crucial 
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to the story’s development, their absence would create an impression that the actions of characters are not 
interconnected. 
2. Motivation and Related Works 
2.1. Why is Playing Crucial to a Child’s Development 
Playing is a voluntary activity basing on imagination, creating new reality. That activity is creative in nature and 
leads to a child’s discovery, and modification of reality [1].  
The features specific to this activity are spontaneity, autotelic nature which involves actions performed for their 
own sakes, imaginative nature and pleasure-seeking [2]. 
 During middle childhood what seems to be the most important is a process of development involving 
increasingly creative use of playing to develop plots and episodes, the transition from individual to group play, the 
growing importance of language in plot development and strengthening of links between play and social life. These 
are important consideration because only too often projects aimed at children are created without due regard for the 
cognitive abilities of a child. When a designer is convinced of his or her infallible instinct and project intuition that 
might lead to creations lacking substance or value. 
There are several projects dedicated for children which allow to practice important literacy skills, such as 
language development, story comprehension, sense of the structure, collaborating in storytelling by playing and 
experimenting [3,4]. 
2.2. Gestures and Their Connection with Developmental Psychology 
The application is an attempt at using gestures, which are native to software in a way that is beneficial from the 
point of view of developmental psychology (see Fig. 1.). 
 
 
Fig. 1. Core gestures (source: http://static.lukew.com/TouchGestureGuide.pdf) 
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Body mechanisms, which are necessary for the development of handwriting, are autonomy in dressing etc. and 
proper grip by hand and three fingers (tripod fingers grip), as well as the use of the non-dominant hand to hold 
paper.  Proper positioning of the thumb and two other fingers is crucial for correct holding of a pencil. That type of 
grip plays a key role in the mechanisms using fine manipulation. 
Autonomy is based on the development of movements made in specific directions: up and down, inside and out, 
as well as circular. These are the same directions a child must master in order to write letters and digits. In dyspraxia 
therapy it is advised that “finger games” are used, such as the manipulation of puppets put on fingers, paper clips 
and clothes pegs (by manipulating these objects a child practices the opposition of a thumb and strengthens the three 
fingers participating in the pencil grip) [5]. 
3. Case Study  
3.1. Project requirements 
The project’s key requirements involved the following aspects: 
• educational, 
• emotional, 
• ergonomic, 
as well as more detailed objectives: 
• using gestures to facilitate a child’s development (the development of brain hemispheres, eye-hand coordination, 
developing abstract thinking), 
• the opportunity of constructing a variety of stories – a child builds a story by himself or herself, deciding on the 
plot development, 
• the use of the random algorithm – the book becomes a new story, explored by a child at every encounter, but 
within the preprogrammed framework (beginning-development-ending), 
• simplifying the interface, “learning the use of the book” as part of the game. 
3.2. The Scope of Subject Matter 
The design of the application involved the choice of proper content. It was assumed that the publication would 
present elementary processes, familiar to a child’s life and environment. Hence the application features cycles 
connected with time (the story is constructed around diurnal cycle, from morning till evening), biology (growth, 
development, decay), natural physical (e.g. atmospheric) or chemical phenomena. These assumptions allow for 
linking the world presented in the electronic publication with the real world, giving the content an additional 
educational value. The main character becomes a spectator and witness of changes happening in the application and 
the reader – an architect of these changes. 
3.3. Idea and construction 
The idea of the publication is based on two independent screen parts (upper and lower), which can be 
manipulated at will, changing their order. The construction concept is not new but the project tries to go one step 
further – attempting to link the contents of the upper and lower parts so that they always make sense and build a 
story with the aid of the reader. The construction of illustrations allows for the story to be modified – in the example 
presented below the upper part of the screen remains the same, while the lower is changed (see Fig. 2.). It gives the 
impression of a fluid course of action, at the same time presenting different content from the previous screens. That 
construction lets the mechanics of interactive elements of the upper and lower parts to be modified. By changing the 
upper part, the reader changes the object, which can influence the object in the lower screen with the help of certain 
gestures, while the change in the lower screen only makes it possible to follow different results of the action 
affecting different objects. 
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Fig. 2. Combination of upper and lower screen parts building different scenes. 
The application consists of five screens that can be moved independently of each other, and the final screen 
which is displayed at the end of story. The screens have been combined into a single panoramic image with tonal 
transitions which smoothly blend the screens together (see Fig. 3., Fig. 4). 
 
 
Fig. 3. All screens combined into a single panoramic image. 
 
Fig. 4. The division into individual screens and the end screen. 
The project can be expanded using the set of gestures possible on a touchscreen and made to correspond with 
particular objects (see Fig. 5.). Object mechanics should be as realistic as possible. 
 
 
Fig. 5. The table which allows the application to be expanded by adding new functionalities and events connected with making gestures of 
varying levels of difficulty. 
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3.4. Text 
The construction of the application is the centre axis around which the story is built. Due to the limits of space 
and the parameters connected with available technology, as well as with the quality of reading (font size, space 
between the lines, etc.), the amount of text had to be reduced. Taking into consideration its rhyme based, rhythmic 
character, the author had to make sure that the text on the screen told an interesting story, at the same time 
containing a task to be executed by the reader. Another vital factor was the relationship between the size of an 
illustration (on tablets they usually occupy the whole screen) and placing the text. 
According the research of prof. Sue Walker from Reading University [6], typography in publications for children 
is governed by much stricter rules than in the case of publications aimed at adults, even though the style of font 
plays a lesser part. The author should pay more attention to internal text parameters such as text size, space in and 
between the letters or words, interline, which plays a crucial role in correct comprehension of the text [7]. 
3.5. Rhythmic Construction of Text 
Rhythm is another element contributing to the construction of a story. The story of the little goat is told using 
sentences of the same number of syllables, built on the basis of a popular Polish proverb. Thus the text becomes a 
melody of the story, and by repetitive nature of rhythms it links the elements of the story (see Fig. 6.). 
 
 
Fig. 6. Polish proverb (“Better be safe than sorry”). 
3.6. Cause – Effect 
An obvious advantage of proverbs is that they often feature the cause-and-effect sequence, which helps present 
educational and/or moralizing message. The structure of proverbs is an interesting aspect worth using – the first part 
becomes an open story which needs to be completed with a conclusion, a moral, and a result. Proverbs present 
characters in a minimalistic way, sketch the situation and describe the effects of actions (good or bad, advisable or 
prohibited). Hence they are stories in a pill, at the same time keeping the melody and rhythm which help to 
memorise them. In the application the cause-effect relations is key to story construction (see Fig. 7.). 
 
Fig. 7. Cause (on the left) and effect (on the right). 
In the upper part of the screen there is a rhymed text which refers to the mechanics of the object, and in the lower 
part there is a text referring to the task to be executed with the use of TouchEvents or GestureEvents. The two texts 
open the way for the creation of the reader’s own version of the story and decisions regarding the modification of 
either the lower or the upper part of the screen. 
3.7. Navigation 
The mechanics of the application has been designed so that it corresponds with basic (innate/native) gestures and 
actions which serve to control the operating system in order to prevent a user’s feeling of being lost [8] (see Fig. 8.). 
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3.8. Affordance 
Learning the use of the interface is part of gaining experience. However, it is becoming good practice to facilitate 
this process by visual clues which help a user find interactive elements intuitively. 
Such effects might be achieved by using hints – these could include, for example, movement of an interactive 
object, a change of colour or hue of a coloured object, or a descriptive hint. It is possible to combine the options, as 
well as adding sounds.  
3.9. Story Protagonist 
The main character of the publication was designed in such a way that it should evoke positive reactions of the 
reader – whether related to the looks or behavior of the character. When designing the protagonist of a story one 
must never forget the audience. What are the expectations? Will a reader be able to relate to the main character and 
his or her adventures? Is there a positive message? Are there any negative cultural associations connected with a 
given animal or person? 
As far as the visual content is concerned it must match the abilities and expectations of a reader. In the 
publication, the main character is constructed in such a way that she has her personality and specific features but is 
not too radical – the goat were to be cheeky, not very obedient to her seniors/elders. A touch of frivolity (and 
“humanity”) achieved by the addition of a “fringe” had an aim of showing to the reader something familiar, known 
from one’s reflection in a mirror (see Fig. 9.). 
 
Fig. 8. Layout of application with interactive areas. 
 
Fig. 9. Concept sketches of main character. 
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One way in which the design problem can be solved is to build a partnership of a kind between a hero and a 
reader. This relationship is built through certain team activities in which the goat becomes a companion for playing 
and not just a toy or the object of experiments: activities whose aim drifts away from their original sense towards 
processes leading to the display of yet another animation. 
4. IT Development 
The development environment chosen for this project is Adobe Flash CC (see Fig. 10.). This decision was based 
on several factors. First of all, Flash provides both the tools for creating vector graphics and animation, as well as 
options to produce advanced interactive applications for desktop and mobile platforms (using Adobe AIR). It 
supports implementing touch gestures, sensors and built-in equipment (like acceleration, camera, microphone, GPS) 
on mobile devices. Therefore it facilitates cooperation between the artist and the IT professional.  
Adobe AIR is a cross-operating system runtime that lets developers combine HTML, JavaScript, Adobe Flash 
and Flex technologies, and ActionScript 3 to deploy highly interactive applications based on graphical user 
interfaces for wide range of devices including desktop computers with Windows/MacOS, netbooks, tablets and 
smartphones (running Android OS/Apple iOS) and selected models of TVs. Using the same code, regardless of the 
platform on which the application will be published, saves time and gives opportunity to try out different types of 
devices [9, 10].  
The minimum requirements for developing Adobe AIR applications are Adobe Flash Professional CS 5.5 and 
Android devices with Android OS 2.2 or Apple iOS devices with iOS4. In the case of iOS development Apple iOS 
Developer Certificate is needed for testing and publishing. 
 
 
Fig. 10. The application during the development process in Adobe Flash CC. 
Adobe Flash offers access to mobile specific features like: multi-touch; accelerometer; microphone; camera; camera 
roll; geo-location; GPU acceleration; keyboard access; and native extensions. Fast implementation of many gestures 
and events is possible thanks to Code Snippets Panel (see Fig. 11.). A developer can choose among such features:  
move with accelerometer; pinch to zoom event; show geo-location; swipe event; rotate event; two finger tap event; 
pan event; re-orient object on device rotation; deactivate/activate event; and menu key pressed event. 
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Fig. 11. Code snippets in Adobe Flash CC. 
Below the ActionScript 3.0 code is presented for moving upper screen using the swipe gesture (see Fig. 12). 
 
 
Fig. 12. ActionScript 3.0 code for moving upper screen using the swipe gesture. 
After coding the application, Flash gives the possibility to pack typical SWF file into: APK installation file for 
Android OS; and IPA installation file for native Apple iOS. Then, the developer can upload applications directly to a 
device or test applications with built-in device simulator. 
5. Research Methodology for User Study 
The qualitative user study will be conducted on a group of early readers (aged 6-9) in primary school in Cracow, 
Poland on a sample of 20 children. Two interface versions of the application will be presented to the group. One 
version will be using classic arrow-themed navigation, the other one aims to use as little visual hints as possible to 
compare the comprehension of symbols (or lack of them) used in navigation construction. The test also aims to 
verify the speed of learning the user interface usage while little or no visual hints are provided. Alternatively, a test 
of visual affordance is to be conducted, using two versions of the same application, built with different saturations of 
backgrounds. Setting the proper colours would help making the user experience as involving as possible. The tests 
are to be recorded using video camera for further analysis.  
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6. Future Development and Conclusions 
Proposed open structure design, based on randomly chosen interactive elements allows the software to be 
updated periodically extending the product life cycle with new objects and functionalities. Future developments 
involve adding new TouchEvents/TouchGestures for providing a better and more natural user experience. Another 
idea is releasing a series of publications using presented engine. In a relatively simple way, it is possible to redesign 
characters with different activities and relationships with other objects to make more engaging stories based on new 
content. 
The presented prototype and planned user study will allow the researchers to check the reaction of children to 
non-chronological storytelling applications and aims to verify the design principles along with the fine motor skills 
needed to manipulate the objects on touch screens. 
This project is also a great opportunity an artist and an IT specialist to join forces to use new mobile technology 
for creating interactive storytelling experiences dedicated for children.  
The application will be available on the Apple AppStore and the Android Google Play. 
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